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Graph\
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Animal experiments\
Statistical analysisData formatRaw and AnalyzedDescription of data collectionSamples were digested via microwave digestion. Trace elements and minerals were measured via ICP-MS. Statistical analysis was used to compare methods.Data source locationMedical School of Koc University, Istanbul, TurkeyData accessibilityAll data are provided in this article. Raw data is available as supplementary file.**Value of the Data**•This data compares different methods and chemicals to find most accurate technique to measure minerals and trace elements in the mammalian samples.•The data are potentially useful for researchers who need to prepare mammalian tissue and serum samples via acidic digestion for ICP-MS.•These data gave a detailed and complete set of experiments that could be used to measure Ag, Al, As, Ba, Be, Ca, Cd, Co, Cr, Cs, Cu, Fe, Ga, K, Li, Mg, Mn, Na, Ni, Pb, Rb, Se, Sr, Tl, U, V, and Zn concentrations in all types of biological samples via microwave digestion and ICP-MS.

1. Data {#sec1}
=======

Minerals and trace elements are essential since they play vital role in the biological functions for all organisms including human and other mammals, since they involve in the structure of various enzymes responsible for detoxification system, amino acid metabolism, immune system and DNA metabolism \[[@bib1], [@bib2], [@bib3], [@bib4], [@bib5], [@bib6]\]. ICP-MS is the most effective technique to measure trace elements and minerals in the biological samples \[[@bib7]\]. In this report we firstly compare efficacy and accuracy of alkali dilution and acidic digestion methods in mammalian samples including brain, liver, testis, lung, kidney, heart, spleen and serum, however alkali digestion was not able to digest tissue samples (supplementary data1). Afterwards we compared acidic digestion with nitric acid (HNO~3~) 65% EMSURE® to SUPRAPUR® grade ([Fig. 1](#fig1){ref-type="fig"}, [Fig. 2](#fig2){ref-type="fig"}, [Fig. 3](#fig3){ref-type="fig"}, [Fig. 4](#fig4){ref-type="fig"}, [Fig. 5](#fig5){ref-type="fig"}, [Fig. 6](#fig6){ref-type="fig"}, [Fig. 7](#fig7){ref-type="fig"}, [Fig. 8](#fig8){ref-type="fig"}, [Table 1](#tbl1){ref-type="table"}, [Table 2](#tbl2){ref-type="table"}, [Table 3](#tbl3){ref-type="table"}, [Table 4](#tbl4){ref-type="table"}, [Table 5](#tbl5){ref-type="table"}, [Table 6](#tbl6){ref-type="table"}, [Table 7](#tbl7){ref-type="table"}, [Table 8](#tbl8){ref-type="table"}). EMSURE® grade HNO~3~ resulted in the contamination in the samples ([Fig. 1](#fig1){ref-type="fig"}, [Fig. 2](#fig2){ref-type="fig"}, [Fig. 3](#fig3){ref-type="fig"}, [Fig. 4](#fig4){ref-type="fig"}, [Fig. 5](#fig5){ref-type="fig"}, [Fig. 6](#fig6){ref-type="fig"}, [Fig. 7](#fig7){ref-type="fig"}, [Fig. 8](#fig8){ref-type="fig"}, [Table 1](#tbl1){ref-type="table"}, [Table 2](#tbl2){ref-type="table"}, [Table 3](#tbl3){ref-type="table"}, [Table 4](#tbl4){ref-type="table"}, [Table 5](#tbl5){ref-type="table"}, [Table 6](#tbl6){ref-type="table"}, [Table 7](#tbl7){ref-type="table"}, [Table 8](#tbl8){ref-type="table"}). Afterwards we compared different dilution rates to find the optimum one with the lowest RSD value. We found that SUPRAPUR® grade 65% nitric acid is suitable for microwave digestion of serum and tissue samples for ICP-MS analysis. Also, the best dilution rates are 1/10 to 1/20 to obtain the most accurate data according to the relative standard deviation values ([Fig. 1](#fig1){ref-type="fig"}, [Fig. 2](#fig2){ref-type="fig"}, [Fig. 3](#fig3){ref-type="fig"}, [Fig. 4](#fig4){ref-type="fig"}, [Fig. 5](#fig5){ref-type="fig"}, [Fig. 6](#fig6){ref-type="fig"}, [Fig. 7](#fig7){ref-type="fig"}, [Fig. 8](#fig8){ref-type="fig"}, [Table 1](#tbl1){ref-type="table"}, [Table 2](#tbl2){ref-type="table"}, [Table 3](#tbl3){ref-type="table"}, [Table 4](#tbl4){ref-type="table"}, [Table 5](#tbl5){ref-type="table"}, [Table 6](#tbl6){ref-type="table"}, [Table 7](#tbl7){ref-type="table"}, [Table 8](#tbl8){ref-type="table"}).Fig. 1EMSURE® (red line) and SUPRAPUR® (blue line)-digested serum samples.Fig. 1Fig. 2EMSURE® (red line) and SUPRAPUR® (blue line)-digested kidney samples.Fig. 2Fig. 3EMSURE® (red line) and SUPRAPUR® (blue line)-digested liver samples.Fig. 3Fig. 4EMSURE® (red line) and SUPRAPUR® (blue line)-digested brain samples.Fig. 4Fig. 5EMSURE® (red line) and SUPRAPUR® (blue line)-digested testis samples.Fig. 5Fig. 6EMSURE® (red line) and SUPRAPUR® (blue line)-digested spleen samples.Fig. 6Fig. 7EMSURE® (red line) and SUPRAPUR® (blue line)-digested lung samples.Fig. 7Fig. 8EMSURE® (red line) and SUPRAPUR® (blue line)-digested heart samples.Fig. 8Table 1Mineral and trace element concentrations in rat serum samples.Table 1Dilution ratesElement (mg/L)1:101:201:501:1001:2001:4001:8001:10001:2000EMSURE® GradeNa74 ± 1,276 ± 0,877 ± 0,781 ± 0,585 ± 0,791 ± 193 ± 1,697 ± 1,5121 ± 0,7Mg0,064 ± 0,010,068 ± 0,050,080 ± 0,021,1 ± 0,011,4 ± 0,022,2 ± 0,043,4 ± 0,094 ± 0,127 ± 0,2K5,8 ± 0,085,9 ± 0,056,5 ± 0,047,8 ± 0,029,8 ± 0,1313 ± 0,222 ± 0,326 ± 0,745 ± 0,7Ca0,5 ± 0,0080,5 ± 0,010,7 ± 0,032 ± 0,042,7 ± 0,026,1 ± 0,26,7 ± 0,35,1 ± 0,57 ± 0,4Fe0,1 ± 0,0040,08 ± 0,002NDNDNDNDNDNDNDCu0,7 ± 0,0061,5 ± 0,013,8 ± 0,027,9 ± 0,0616 ± 0,1232 ± 0,2865 ± 0,2480 ± 0,94166 ± 2,1Zn0,44 ± 0,0040,8 ± 0,0082,4 ± 0,014,7 ± 0,038,6 ± 0,0516,6 ± 0,1532 ± 0,1942 ± 0,681 ± 0,7Se0,01 ± 0,001NDNDNDNDNDNDNDNDRb0,006 ± 0,00030,007 ± 0,00040,007 ± 0,00040,009 ± 0,00060,015 ± 0,0010,018 ± 0,0030,03 ± 0,0060,03 ± 0,0060,05 ± 0,012Sr0,004 ± 0,00020,008 ± 0,00020,018 ± 0,00020,041 ± 0,00090,007 ± 0,0020,15 ± 0,0090,29 ± 0,0070,34 ± 0,0110,67 ± 0,02Pb0,041 ± 0,00030,084 ± 0,00070,2 ± 0,0010,41 ± 0,0020,83 ± 0,0091,69 ± 0,0153,36 ± 0,0014,2 ± 0,068,8 ± 0,09SUPRAPUR® GradeNa41,9 ± 0,6129,6 ± 0,2428,6 ± 0,2826,8 ± 0,3219,5 ± 0,2110,4 ± 0,2414,3 ± 0,48395 ± 2,8324 ± 2,2Mg0,21 ± 0,0040,14 ± 0,00428,6 ± 0,280,11 ± 0,0120,069 ± 0,007NDNDNDNDK2,3 ± 0,031,5 ± 0,021,25 ± 0,040,77 ± 0,06NDNDNDNDNDCa0,32 ± 0,0110,22 ± 0,010,23 ± 0,020,23 ± 0,0070,01 ± 0,008NDNDNDNDCu0,016 ± 0,00010,011 ± 0,00040,008 ± 0,00090,005 ± 0,0010,003 ± 0,003NDNDNDNDZn0,022 ± 0,0010,015 ± 0,0040,13 ± 0,0020,098 ± 0,010,35 ± 0,02NDND5,1 ± 0,1411,75 ± 0,18Rb0,002 ± 0,00010,002 ± 0,00010,002 ± 0,00040,002 ± 0,00050,003 ± 0,0010,004 ± 0,0020,005 ± 0,0050,01 ± 0,0040,015 ± 0,02Sr0,001 ± 0,00010,002 ± 0,000070,003 ± 0,00040,007 ± 0,00090,01 ± 0,0020,02 ± 0,0050,04 ± 0,0050,07 ± 0,0120,14 ± 0,011Ag0,015 ± 0,00010,008 ± 0,00040,004 ± 0,0004NDNDNDNDNDNDTable 2Mineral and trace element concentrations in rat kidney samples.Table 2Dilution RatesElement (mg/L)1:101:201:501:1001:2001:4001:8001:10001:2000EMSURE® GradeNa24 ± 0,425,5 ± 0,333,1 ± 0,232,2 ± 0,2848,8 ± 0,4437,4 ± 0,2146,8 ± 0,7198,1 ± 1,1983,8 ± 0,72Mg2,5 ± 0,032,6 ± 0,0263,4 ± 0,263,1 ± 0,0263,9 ± 0,0294,3 ± 0,0645,2 ± 0,159,4 ± 0,149,3 ± 0,38K40 ± 0,4342,2 ± 0,4144,4 ± 0,5846 ± 0,3246,1 ± 0,3649,8 ± 0,2256,7 ± 0,8666,9 ± 1,1983,8 ± 1,6Ca0,23 ± 0,00832 ± 0,0072,9 ± 0,0681,5 ± 0,034 ± 0,0892,9 ± 0,263,5 ± 0,417,7 ± 0,817,86 ± 1,11Mn0,01 ± 0,00030,008 ± 0,00030,03 ± 0,001NDNDNDNDNDNDFe0,91 ± 0,0170,87 ± 0,0120,53 ± 0,012NDNDNDNDNDNDCo0,002 ± 0,000070,0018 ± 0,0007NDNDNDNDNDNDNDCu0,79 ± 0,0091,62 ± 0,0134,25 ± 0,0348,31 ± 0,06516,6 ± 0,133,2 ± 0,1265,9 ± 0,4483,3 ± 0,52163,1 ± 2,18Zn0,6 ± 0,0091 ± 0,013,5 ± 0,0034,6 ± 0,0059,6 ± 0,0716,9 ± 0,2532,7 ± 0,3446,6 ± 0,681,5 ± 0,85Rb0,07 ± 0,0010,07 ± 0,0010,07 ± 0,00090,07 ± 0,0010,07 ± 0,0020,08 ± 0,0030,08 ± 0,0060,09 ± 0,010,12 ± 0,008Sr0,041 ± 0,00030,084 ± 0,00070,2 ± 0,0010,41 ± 0,0020,83 ± 0,0091,69 ± 0,0153,36 ± 0,0014,2 ± 0,068,8 ± 0,09Cs0,0006 ± 6x10^−4^0,0009 ± 6x10^−4^0,002 ± 0,00010,004 ± 0,00060,008 ± 0,0030,01 ± 0,00080,03 ± 0,0010,04 ± 0,0040,08 ± 0,01Pb0,03 ± 0,00070,08 ± 0,00070,21 ± 0,0020,42 ± 0,0040,84 ± 0,0081,68 ± 0,013,31 ± 0,064,17 ± 0,058,19 ± 0,03SUPRAPUR® GradeNa6,8 ± 0,116,5 ± 0,074,2 ± 0,121,8 ± 0,07NDNDNDNDNDMg1 ± 0,0091 ± 0,0081 ± 0,020,96 ± 0,010,91 ± 0,04NDNDNDNDK17,5 ± 0,1617,8 ± 0,1716,5 ± 0,2616,1 ± 0,1715,3 ± 0,1213 ± 0,359,3 ± 0,757,1 ± 0,59NDCa0,11 ± 0,0040,11 ± 0,010,11 ± 0,010,12 ± 0,0140,34 ± 0,042NDNDNDNDMn0,002 ± 0,00090,009 ± 0,0001NDNDNDNDNDNDNDFe0,46 ± 0,0070,11 ± 0,007NDNDNDNDNDNDNDCu0,07 ± 0,0010,07 ± 0,000090,07 ± 0,0020,06 ± 0,0030,07 ± 0,0040,41 ± 0,0090,35 ± 0,02NDNDZn0,19 ± 0,0020,25 ± 0,0020,52 ± 0,0110,099 ± 0,0111,78 ± 0,051,09 ± 0,0351,09 ± 0,0485,3 ± 0,1411,6 ± 0,29Rb0,029 ± 0,00040,029 ± 0,00040,029 ± 0,00010,028 ± 0,0010,030 ± 0,0020,028 ± 8x10^−4^0,024 ± 0,002NDNDTable 3Mineral and trace element concentrations in rat liver samples.Table 3Dilution RatesElement (mg/L)1:101:201:501:1001:2001:4001:8001:10001:2000EMSURE® GradeNa5,3 ± 0,075,5 ± 0,17,1 ± 0,097,6 ± 0,0116,8 ± 0,1220,3 ± 0,2130,7 ± 0,5132,6 ± 1,2461,8 ± 4,3Mg1,24 ± 0,021,3 ± 0,011,4 ± 0,011,6 ± 0,012,1 ± 0,042,9 ± 0,084,1 ± 0,084,5 ± 0,27,9 ± 0,2K21,5 ± 0,922,3 ± 0,2523,4 ± 0,2322,9 ± 0,1325,9 ± 0,231,6 ± 0,338 ± 1,140 ± 0,6759,8 ± 1,5Ca0,13 ± 0,0060,3 ± 0,0070,64 ± 0,0170,99 ± 0,043 ± 0,135,8 ± 0,176,9 ± 0,334,3 ± 0,458,3 ± 0,79Mn0,012 ± 0,00010,008 ± 0,0003NDNDNDNDNDNDNDFe0,6 ± 0,0090,4 ± 0,0070,12 ± 0,012NDNDNDNDNDNDCu0,73 ± 0,011,5 ± 0,023,9 ± 0,027,9 ± 0,0816,3 ± 0,0932,6 ± 0,2865,5 ± 0,4981,5 ± 0,6161,7 ± 1,33Zn0,49 ± 0,0080,87 ± 0,012 ± 0,024 ± 0,068,3 ± 0,0616,2 ± 0,2132 ± 0,2239,5 ± 0,4879,1 ± 1,22Rb0,05 ± 0,0010,5 ± 0,00050,05 ± 0,0010,05 ± 0,0010,06 ± 0,0010,07 ± 0,0040,08 ± 0,0090,09 ± 0,0090,13 ± 0,85Sr0,003 ± 0,00020,007 ± 0,00020,019 ± 0,00040,037 ± 0,0010,07 ± 0,0020,15 ± 0,0020,29 ± 0,0230,034 ±6x10^−4^0,68 ± 0,034Cs0,0008 ± 5x10^−5^0,001 ± 9x10^−5^0,003 ± 0,00010,006 ± 0,00050,012± 7x10^−3^0,15 ± 0,0020,05 ± 0,0040,006 ± 0,0020,12 ± 0,007Ba0,0008 ± 0,00007NDNDNDNDNDNDNDNDPb0,039 ± 0,00040,08 ± 0,00080,2 ± 0,0030,4 ± 0,0050,8 ± 0,0091,7 ± 0,023,4 ± 0,024,2 ± 0,038,3 ± 0,09U0,00008±7X10^−6^NDNDNDNDNDNDNDNDSUPRAPUR® GradeNa6,5 ± 0,096,1 ± 0,094 ± 0,071,8 ± 0,08NDNDNDNDNDMg1,5 ± 0,011,5 ± 0,021,5 ± 0,011,5 ± 0,041,3 ± 0,060,8 ± 0,090,8 ± 0,1NDNDK26,2 ± 0,326,4 ± 0,224,8 ± 0,224,6 ± 0,211,9 ± 0,1921,8 ± 0,4815,6 ± 0,214,6 ± 13,5 ± 2,1Ca0,2 ± 0,0070,1 ± 0,015NDNDNDNDNDNDNDMn0,01 ± 0,00010,01 ± 0,00050,01 ± 0,0010,004 ± 0,0009NDNDNDNDNDFe0,7 ± 0,0040,8 ± 0,007NDNDNDNDNDNDNDCu0,03 ± 0,00030,03 ± 0,00030,03 ± 0,00090,03 ± 0,0010,02 ± 0,0020,03 ± 0,0020,02 ± 0,010,04 ± 0,02NDRb0,06 ± 0,00060,06 ± 0,0010,06 ± 0,0010,06 ± 0,0010,06 ± 0,0010,06 ± 0,0050,06 ± 0,0080,07 ± 0,0080,09 ± 0,01Sr0,01 ± 0,000090,002 ± 0,00020,004 ± 0,00030,008 ± 0,00090,01 ± 0,0020,02 ± 0,0040,05 ± 0,0050,06 ± 0,0090,12 ± 0,02Al0,8 ± 0,010,7 ± 0,0090,49 ± 0,010,18 ± 0,01NDNDNDNDNDCr0,07 ± 0,00010,06 ± 0,0002NDNDNDNDNDNDNDTable 4Mineral and trace element concentrations in rat brain samples.Table 4Dilution RatesElement (mg/L)1:101:201:501:1001:2001:4001:8001:10001:2000EMSURE® GradeLi0,03 ± 0,0020,1 ± 0,040,16 ± 0,040,18 ± 0,020,25 ± 0,080,62 ± 0,141,2 ± 0,31,2 ± 0,42,8 ± 1Na24,6 ± 0,3226,1 ± 0,3629,6 ± 0,1730,6 ± 0,3633,4 ± 2,1742,3 ± 0,353,7 ± 0,74325 ± 5,25108 ± 2,9K73,4 ± 0,9875,3 ± 0,5577,9 ± 0,3679,8 ± 0,7282,7 ± 1,184,9 ± 0,6290,9 ± 0,6299,5 ± 0,38112 ± 1,7Ca0,48 ± 0,0120,79 ± 0,0441,5 ± 0,031,8 ± 0,073,2 ± 0,155,15 ± 0,216,9 ± 0,5819 ± 0,216 ± 0,93Mn0,09 ± 0,00030,12 ± 0,031NDNDNDNDNDNDNDFe0,57 ± 0,0080,55 ± 0,0210,26 ± 0,022NDNDNDNDNDNDCu0,7 ± 0,0071,6 ± 0,034 ± 0,038 ± 0,116 ± 0,1332,4 ± 0,2864,7 ± 0,481,2 ± 0,73161,7 ± 1,61Zn0,53 ± 0,0071 ± 0,0272,2 ± 0,034,1 ± 0,068,1 ± 0,0716,5 ± 0,2632 ± 0,2245,1 ± 0,5939,5 ± 0,28As0,02 ± 0,00040,5 ± 0,0005NDNDNDNDNDNDNDRb0,06 ± 0,00060,18 ± 0,030,12 ± 0,040,08 ± 0,0030,09 ± 0,0040,12 ± 0,010,3 ± 0,170,2 ± 0,0140,27 ± 0,01Sr0,004 ± 0,00010,12 ± 0,0290,07 ± 0,040,04 ± 0,00010,07 ± 0,00070,15 ± 0,0040,41 ± 0,150,45 ± 0,0110,69 ± 0,011Cs0,004 ± 0,00030,11 ± 0,030,064 ± 0,040,014 ± 0,00030,023 ± 0,0010,045 ± 0,0020,21 ± 0,160,09 ± 0,0020,17 ± 0,015Ba0,0016 ± 0,0001NDNDNDNDNDNDNDNDTiNDNDND0,009 ± 0,00090,011 ± 0,0010,014 ± 0,002NDNDNDSUPRAPUR® GradePb0,04 ± 0,00030,21 ± 0,030,29 ± 0,040,46 ± 0,0020,93 ± 0,0041,8 ± 0,013,17 ± 0,174,5 ± 0,058,9 ± 0,06U0,007 ± 0,00086,1 ± 0,094 ± 0,071,8 ± 0,08NDNDNDNDNDLi0,03 ± 0,0050,03 ± 0,0070,06 ± 0,010,08 ± 0,06NDNDNDNDNDNa9,9 ± 0,139,9 ± 0,098,6 ± 0,069,8 ± 0,086,7 ± 0,1228,9 ± 0,4915,3 ± 0,52NDNDMg1,21 ± 0,021,22 ± 0,0041,24 ± 0,021,2 ± 0,041,2 ± 0,041,5 ± 0,041,1 ± 0,130,67 ± 0,120,37 ± 0,13K33,1 ± 0,3733,6 ± 0,4634,5 ± 0,2332,5 ± 0,1932,4 ± 0,2131,4 ± 0,3329,1 ± 0,5226,8 ± 0,659,44 ± 0,56Ca0,61 ± 0,0190,68 ± 0,031,14 ± 0,040,97 ± 0,0361,4 ± 0,117,3 ± 0,296,98 ± 0,593,7 ± 0,516,29 ± 0,63Mn0,02 ± 0,00009NDNDNDNDNDNDNDNDCu0,02 ± 0,000080,02 ± 0,00050,03 ± 0,0020,03 ± 0,0030,05 ± 0,0040,11 ± 0,010,22 ± 0,010,09 ± 0,020,12 ± 0,02Zn0,14 ± 0,0010,37 ± 0,0050,97 ± 0,0141,44 ± 0,0163,19 ± 0,023,28 ± 0,0733,24 ± 0,0354,5 ± 0,145,4 ± 0,24Rb0,02 ± 0,00060,02 ± 0,00090,03 ± 0,00070,03 ± 0,00030,05 ± 0,0030,08 ± 0,00050,11 ± 0,0070,12 ± 0,0130,19 ± 0,013Sr0,001 ± 0,000080,002 ± 0,00010,006 ± 0,00030,009 ± 0,00060,01 ± 0,0010,07 ± 0,0070,1 ± 0,0090,08 ± 0,010,16 ± 0,036Ag0,022 ± 0,0007NDNDNDNDNDNDNDNDCs0,002 ± 0,000070,002 ± 0,00010,005 ± 0,00030,008 ± 0,00020,01 ± 0,00060,02 ± 0,0010,04 ± 0,0050,05 ± 0,0060,09 ± 0,01Ti0,005 ± 0,0010,001 ± 0,000070,002 ± 0,00010,003 ± 0,00010,004 ± 0,00030,006±3x10^−4^0,009 ± 0,0010,01 ± 0,0010,01 ± 0,001U0,002 ± 0,00010,0002 ± 2x10^−5^NDNDNDNDNDNDNDTable 5Mineral and trace element concentrations in rat testis samples.Table 5Dilution RatesElement (mg/L)1:102:101:501:1001:2001:4001:8001:10001:2000EMSURE® GradeNa26,84 ± 0,326,4 ± 0,328,25 ± 0,229,6 ± 0,230 ± 0,136,4 ± 0,545,6 ± 0,5361,7 ± 199 ± 1,45Mg2,2 ± 0,032,2 ± 0,012,4 ± 0,032,5 ± 0,042,9 ± 0,023,6 ± 0,084,69 ± 0,16,18 ± 0,248,6 ± 0,22K52,4 ± 0,651 ± 0,652,8 ± 0,753,8 ± 0,352,2 ± 0,356,8 ± 0,863,1 ± 0,668,7 ± 0,589,3 ± 0,5Ca0,2 ± 0,0070,5 ± 0,0181,3 ± 0,031,5 ± 0,052,5 ± 0,133 ± 0,133,5 ± 0,29,9 ± 0,59,1 ± 0,5Mn0,003 ± 0,0002NDNDNDNDNDNDNDNDFe0,6 ± 0,0120,4 ± 0,0090,2 ± 0,013NDNDNDNDNDNDCu0,7 ± 0,0081,5 ± 0,014 ± 0,058 ± 0,0416 ± 0,132,6 ± 0,365,4 ± 0,582,3 ± 0,57162,9 ± 1,16Zn0,7 ± 0,011,1 ± 0,012,3 ± 0,014,2 ± 0,068,2 ± 0,0716,1 ± 0,232 ± 0,141,9 ± 0,679,6 ± 0,7As0,004 ± 0,00040,003 ± 0,0005NDNDNDNDNDNDNDSe0,017 ± 0,00090,019 ± 0,0018NDNDNDNDNDNDNDRb0,08 ± 0,0010,08 ± 0,0010,08 ± 0,0030,08 ± 0,0010,09 ± 0,0030,11 ± 0,0050,13 ± 0,0030,15 ± 0,010,21 ± 0,017Sr0,004 ± 0,00010,008 ± 0,00020,022 ± 0,00070,03 ± 0,00080,074 ± 0,0040,145 ± 0,0050,276 ± 0,0080,36 ± 0,020,67 ± 0,017Cs0,001 ± 0,000050,002 ± 0,00020,004 ± 0,00020,008 ± 0,00040,016 ± 0,00020,029 ± 0,0010,058 ± 0,0050,07 ± 0,0030,14 ± 0,01Pb0,04 ± 0,00030,08 ± 0,00070,22 ± 0,0020,45 ± 0,0050,9 ± 0,0111,79 ± 0,013,5 ± 0,0044,4 ± 0,038,7 ± 0,004SUPRAPUR® GradeNa10,1 ± 0,1210,2 ± 0,038,4 ± 0,066,3 ± 0,053 ± 0,12NDNDNDNDMg0,8 ± 0,010,8 ± 0,0080,8 ± 0,0150,7 ± 0,030,7 ± 0,030,4 ± 0,05NDNDNDK20 ± 0,320 ± 0,219,8 ± 0,1419,6 ± 0,1219 ± 0,217 ± 0,1414 ± 0,3912 ± 0,93,8 ± 1,2Ca0,12 ± 0,0080,28 ± 0,0080,35 ± 0,040,39 ± 0,030,15 ± 0,07NDNDNDNDCu0,01 ± 0,00020,013 ± 0,00030,013 ± 0,0010,01 ± 0,0010,009 ± 0,003NDNDNDNDZn0,15 ± 0,00090,26 ± 0,0050,29 ± 0,0070,33 ± 0,0070,27 ± 0,0120,12 ± 0,020,31 ± 0,052,4 ± 0,0914,5 ± 0,2As0,001 ± 0,00010,001 ± 0,0002NDNDNDNDNDNDNDRb0,031 ± 0,0010,32 ± 0,030,034 ± 0,0010,037 ± 0,00060,044 ± 0,0020,05 ± 0,0060,07 ± 0,0070,07 ± 0,0070,12 ± 0,009Table 6Mineral and trace element concentrations in rat spleen samples.Table 6Dilution RatesElement (mg/L)1:101:201:501:1001:2001:4001:8001:10001:2000EMSURE® GradeNa7,7 ± 0,098,3 ± 0,1210,7 ± 0,1418,9 ± 0,1715,2 ± 0,1336,4 ± 0,3136,1 ± 0,2236,1 ± 0,7361,7 ± 0,76Mg1,3 ± 0,51,4 ± 0,011,6 ± 0,0282,3 ± 0,0482,4 ± 0,023,15 ± 0,084,3 ± 0,124,9 ± 0,178,19 ± 0,24K31,5 ± 0,3632,4 ± 0,3534,5 ± 0,4433,9 ± 0,2835,8 ± 0,2840,4 ± 0,3147,7 ± 0,2451,8 ± 0,3571,3 ± 0,24Ca0,13 ± 0,0050,25 ± 0,0150,85 ± 0,0292,6 ± 0,065 ± 0,125,48 ± 0,135,6 ± 0,369,7 ± 0,2611,8 ± 0,65Fe9,1 ± 0,099,2 ± 0,129 ± 0,088,8 ± 0,067,8 ± 0,085,1 ± 0,121,6 ± 0,15NDNDCu0,72 ± 0,011,5 ± 0,023,9 ± 0,037,8 ± 0,0815,9 ± 0,1232,3 ± 0,2864,5 ± 0,7382 ± 0,86163,9 ± 1,3Zn0,54 ± 0,0070,95 ± 0,0132,4 ± 0,0255,4 ± 0,0468,9 ± 0,09617 ± 0,1732,5 ± 0,2941,7 ± 0,4980,6 ± 0,87As0,004 ± 0,0002NDNDNDNDNDNDNDNDRb0,042 ± 0,00070,043 ± 0,00050,046 ± 0,00080,04 ± 0,0010,05 ± 0,0020,06 ± 0,0040,06 ± 0,010,07 ± 0,010,09 ± 0,02Sr0,003 ± 0,00010,007 ± 0,00020,02 ± 0,00070,04 ± 0,0010,08 ± 0,0010,15 ± 0,0080,29 ± 0,010,37 ± 0,010,7 ± 0,02Cs0,0007 ± 0,00020,001 ± 0,000060,002 ± 0,00020,004 ± 0,00040,008 ± 0,00090,01 ± 0,00080,03 ± 0,0050,04 ± 0,0030,07 ± 0,006Ba0,0009 ± 0,00006NDNDNDNDNDNDNDNDPb0,03 ± 0,00020,08 ± 0,00050,2 ± 0,0010,41 ± 0,0050,8 ± 0,0091,67 ± 0,0153,3 ± 0,0424,2 ± 0,058,4 ± 0,08SUPRAPUR® GradeNa6,8 ± 0,126,7 ± 0,14,8 ± 0,132,4 ± 0,06NDNDNDNDNDMg1,3 ± 0,011,3 ± 0,011,3 ± 0,021,2 ± 0,031,2 ± 0,041 ± 0,060,8 ± 0,10,8 ± 0,1NDK30,7 ± 0,3831,5 ± 0,3632,1 ± 0,429,6 ± 0,3929,3 ± 0,2126,3 ± 0,323,6 ± 0,4320,6 ± 0,9710,2 ± 1,5Ca0,15 ± 0,010,34 ± 0,0090,26 ± 0,0070,22 ± 0,03NDNDNDNDNDFe11,5 ± 0,1511,4 ± 0,0810,5 ± 0,239 ± 0,046,9 ± 0,006NDNDNDNDCu0,02 ± 0,00030,02 ± 0,00050,02 ± 0,00060,02 ± 0,0020,03 ± 0,0030,02 ± 0,0080,18 ± 0,010,02 ± 0,010,014 ± 0,02Zn0,13 ± 0,0010,19 ± 0,0030,45 ± 0,0050,45 ± 0,010,8 ± 0,030,6 ± 0,020,6 ± 0,060,8 ± 0,06NDAs0,005 ± 0,00030,005 ± 0,00030,004 ± 0,0010,004 ± 0,001NDNDNDNDNDRb0,04 ± 0,00050,04 ± 0,00080,04 ± 0,00080,04 ± 0,0010,04 ± 0,0010,04 ± 0,0030,03 ± 0,0010,04 ± 0,010,04 ± 0,01Al0,1 ± 0,0060,04 ± 0,007NDNDNDNDNDNDNDTable 7Mineral and trace element concentrations in rat lung samples.Table 7Dilution RatesElement (mg/L)1:101:201:501:1001:2001:4001:8001:10001:2000EMSURE® GradeNa18,1 ± 0,2617,7 ± 0,1619,1 ± 0,1921,1 ± 0,2322,7 ± 0,1930,1 ± 0,3938,6 ± 0,2544,5 ± 0,3470,9 ± 0,7Mg1,1 ± 0,021,1 ± 0,011,3 ± 0,011,4 ± 0,021,9 ± 0,072,7 ± 0,073,9 ± 0,094,6 ± 0,177,5 ± 0,14K25,1 ± 0,3424,5 ± 0,2525,8 ± 0,1625,2 ± 0,0527,9 ± 0,1331,8 ± 0,1539,3 ± 0,1644,4 ± 0,5662,7 ± 0,89Ca0,22 ± 0,0040,33 ± 0,0061,14 ± 0,021,5 ± 0,043,2 ± 0,114,8 ± 0,095,9 ± 0,56,89 ± 0,49,3 ± 1,4Fe1,1 ± 0,011 ± 0,010,6 ± 0,020,18 ± 0,01NDNDNDNDNDCu0,7 ± 0,0091,5 ± 0,013,9 ± 0,038 ± 0,0516,1 ± 0,1132,8 ± 0,2265,6 ± 0,3781,3 ± 0,84162,1 ± 1,8Zn0,52 ± 0,0040,09 ± 0,012,1 ± 0,014 ± 0,048,1 ± 0,0516,2 ± 0,1232,1 ± 0,440,2 ± 0,3479,1 ± 0,98As0,003 ± 0,0003NDNDNDNDNDNDNDNDRb0,003 ± 0,00080,03 ± 0,00040,03 ± 0,0010,04 ± 0,0010,04 ± 0,0010,05 ± 0,0050,08 ± 0,0050,09 ± 0,010,13 ± 0,01Sr0,03 ± 0,00080,03 ± 0,00040,03 ± 0,0010,04 ± 0,0010,04 ± 0,0010,05 ± 0,0050,08 ± 0,0050,09 ± 0,010,13 ± 0,01Cs0,0009± 4x10-50,001 ± 0,00010,003 ± 0,00010,007 ± 0,00020,01 ± 0,0010,02 ± 0,00070,05 ± 0,0050,06 ± 0,010,12 ± 0,007Ba0,001 ± 0,0001NDNDNDNDNDNDNDNDPb0,04 ± 0,00050,08 ± 0,00080,21 ± 0,00070,43 ± 0,0040,88 ± 0,0071,7 ± 0,0123,5 ± 0,044,3 ± 0,068,5 ± 0,1SUPRAPUR® GradeNa9,8 ± 0,099,5 ± 0,077,7 ± 0,115,4 ± 0,081 ± 0,05NDNDNDNDMg0,58 ± 0,0040,57 ± 0,0080,5 ± 0,0070,5 ± 0,010,39 ± 0,040,18 ± 0,025NDNDNDK14,9 ± 0,2215,2 ± 0,1114,3 ± 0,0713,9 ± 0,213 ± 0,1511,4 ± 0,237,3 ± 0,54,7 ± 0,5NDCa0,14 ± 0,0080,15 ± 0,0190,56 ± 0,030,4 ± 0,080,19 ± 0,070,3 ± 0,10,3 ± 0,13NDNDFe0,59 ± 0,0070,22 ± 0,01NDNDNDNDNDNDNDCu0,014 ± 0,00030,01 ± 0,00050,018 ± 0,00070,039 ± 0,0020,03 ± 0,0020,03 ± 0,008NDNDNDZn0,11 ± 0,0020,23 ± 0,0040,66 ± 0,0091,3 ± 0,022,99 ± 0,042,6 ± 0,052,5 ± 0,1512,6 ± 0,2NDAs0,004 ± 0,00030,004 ± 0,00050,01 ± 0,0010,007 ± 0,0020,005 ± 0,001NDNDNDNDRb0,02 ± 0,00040,02 ± 0,00010,02 ± 0,0010,02 ± 0,00070,02 ± 0,0020,03 ± 0,0030,04 ± 0,0020,04 ± 0,0050,06 ± 0,01Sr0,001 ± 0,000090,001 ± 0,0001NDNDNDNDNDNDNDTable 8Mineral and trace element concentrations in rat heart samples.Table 8Dilution RatesElement (mg/L)1:101:201:501:1001:2001:4001:8001:10001:2000EMSURE® GradeNa11,5 ± 0,1712,5 ± 0,1513,7 ± 0,1315,5 ± 0,8218,2 ± 0,1722,4 ± 0,1833,6 ± 0,7743,5 ± 0,6165,5 ± 0,84Mg2,29 ± 0,032,4 ± 0,022,5 ± 0,032,7 ± 0,043 ± 0,063,7 ± 0,114,9 ± 0,156 ± 0,169 ± 0,17K32,2 ± 0,5633,8 ± 0,3935,2 ± 0,2234,2 ± 0,3136,5 ± 0,3740,6 ± 0,2749 ± 0,4254,4 ± 0,4274,1 ± 0,48Ca0,13 ± 0,0070,17 ± 0,0090,31 ± 0,0260,66 ± 0,0291,32 ± 0,112,9 ± 0,173,1 ± 0,186,4 ± 0,086,4 ± 0,4Mn0,002 ± 0,0002NDNDNDNDNDNDNDNDFe0,8 ± 0,010,8 ± 0,010,45 ± 0,01NDNDNDNDNDNDCu0,77 ± 0,0121,5 ± 0,014 ± 0,048 ± 0,116,3 ± 0,1232,6 ± 0,365,6 ± 0,782,2 ± 0,77162,5 ± 1Zn0,5 ± 0,0060,89 ± 0,0082 ± 0,0224 ± 0,058,2 ± 0,0616 ± 0,0832 ± 0,4441 ± 0,2479,7 ± 0,44Rb0,04 ± 0,00030,04 ± 0,00070,04 ± 0,0010,04 ± 0,0020,04 ± 0,0020,05 ± 0,0050,06 ± 0,0030,06 ± 0,0050,09 ± 0,02Sr0,003 ± 0,00010,007 ± 0,00020,01 ± 0,00020,03 ± 0,0010,07 ± 0,0010,14 ± 0,0050,28 ± 0,010,36 ± 0,0080,71 ± 0,03Cd0,00005± 3x10-6NDNDNDNDNDNDNDNDCs0,0005 ± 5x10-50,0008 ± 8x10-50,001 ± 0,00010,003 ± 0,00030,009 ± 0,00020,01 ± 0,00090,04 ± 0,0060,05 ± 0,020,1 ± 0,006Ba0,001 ± 0,00007NDNDNDNDNDNDNDNDPb0,03 ± 0,00030,08 ± 0,00080,2 ± 0,0010,41 ± 0,0060,84 ± 0,0081,6 ± 0,013,3 ± 0,034,1 ± 0,0028,1 ± 0,14SUPRAPUR® GradeNa7,8 ± 0,067,5 ± 0,065,3 ± 0,072,8 ± 0,08NDNDNDNDNDMg1,1 ± 0,011,1 ± 0,021 ± 0,011 ± 0,020,9 ± 0,030,77 ± 0,090,43 ± 0,170,17 ± 0,12NDCa0,1 ± 0,0070,1 ± 0,010,08 ± 0,01NDNDNDNDNDNDK15,7 ± 0,1816,1 ± 0,3415 ± 0,1714,5 ± 0,1813,5 ± 0,2311,4 ± 0,318 ± 0,314,9 ± 1NDFe0,06 ± 0,002NDNDNDNDNDNDNDCu0,03 ± 0,00050,03 ± 0,00050,03 ± 0,0010,02 ± 0,0010,02 ± 0,003NDNDNDNDZn0,12 ± 0,0010,23 ± 0,0020,25 ± 0,0040,22 ± 0,0090,38 ± 0,0090,001 ± 0,0421 ± 0,0913,6 ± 0,1411 ± 0,35Rb0,02 ± 0,00020,02 ± 0,00050,019 ± 0,0010,019 ± 0,00070,019 ± 0,002NDNDNDNDSr0,001 ± 0,000080,002 ± 0,00010,004 ± 0,0050,007 ± 0,0010,01 ± 0,0020,02 ± 0,0030,06 ± 0,0060,06 ± 0,0070,12 ± 0,018

2. Experimental design, materials and methods {#sec2}
=============================================

2.1. Materials {#sec2.1}
--------------

65% nitric acid EMSURE® and SUPRAPUR® grades were supplied from MERCK (Germany). SUPRAPUR® grade is high-purity acid which is suitable for trace element analysis to avoid possible contaminations. The multi-element solution 2A of SPEX CertiPrep was used for the external calibration standard. And the internal standard, which was provided by Agilent, was used for accurate correction due to the non-spectral interferences. It contains 100 ppm 6Li, Sc, Y, In, Tb, and Bi in 5% HNO~3~. Trace element tubes were obtained from BD (USA).

2.2. Animal laboratory {#sec2.2}
----------------------

24--28 weeks old Wistar albino rats (*Rattus norvecigus*), weighing 350--450 g were purchased from the experimental animals production center Koc University in Istanbul, Turkey. All rats were housed as described by Aydemir et al. \[[@bib8],[@bib9]\]

2.3. Preparation of serum samples {#sec2.3}
---------------------------------

Blood samples were drained into additive-free vacutainers for trace element analysis (BD vacutainer) allowed to clot and centrifuged at 400 g for 20 min at 4 °C. Serums were separated from blood samples and stored at −80 °C until analysis.

2.4. Microwave digestion {#sec2.4}
------------------------

Tissue and serum samples were dissolved with the acidic treatment in the microwave digestion system (Milestone START D). 30--80 mg of tissue samples dissolved in 10 ml of 65% HNO~3~ of EMSURE® and SUPRAPUR® grades. 100--200 μl of the serum samples was used for digestion. The microwave digestion process occurs in three steps. Firstly, the temperature increases to 150 °C in 15 min, and then secondly, the target temperature is constant for 30 min. The method of microwave digestion was created after several trials. When a higher temperature was applied (more than 200 °C) for the acidic digestion of tissue and serum samples, the machine stopped to work. A medium range of temperature and power (500W) is sufficient to digest biological samples. After taking the samples from the machine, they were stored at −20 °C until ICP-MS measurement.

2.5. Preparation of standards {#sec2.5}
-----------------------------

The multi-element solution 2A of SPEX CertiPrep was used as the external calibration standard. The matrix of the solution is 5% HNO~3~. The standard is prepared from high purity single element concentrates of individual elements using Class A laboratory ware to give precise concentrations. It contains 10 ppm of Ag, Al, As, Ba, Be, Ca, Cd, Co, Cr, Cs, Cu, Fe, Ga, K, Li, Mg, Mn, Na, Ni, Pb, Rb, Se, Sr, Tl, U, V, and Zn. 2 ml of 2% HNO~3~ was used as the blank solution for drawing the abacus origin of the calibration curve.

2.6. Measurement of trace element and mineral levels via ICP-MS {#sec2.6}
---------------------------------------------------------------

After microwave digestion, tissue and serum samples were diluted in the ultrapure water (ddH~2~O) by serial dilution starting from 1/10 and diluted to 1/20, 1/50, 1/100, 1/200, 1/400, 1/800, 1/1000 and 1/2000. Trace and mineral elements in rat tissue and serum samples were measured by Agilent 7700x ICP-MS (Agilent Technologies Inc., Tokyo, Japan). Helium gas is used in the collision/reaction cell in order to remove potential polyatomic interferences. MassHunter Work Station software is used for creating the batch as well as the data analysis. FullQuant analysis method was used for the quantification of the data. The analysis mode was chosen as "spectrum" and for each sample, the peak pattern was drawn from 3 points and the measurements were replicated five times.

2.7. Measurement of trace element and mineral levels via inductively coupled plasma mass spectrometry (ICP-MS) with different isotopes of copper, zinc, and lead {#sec2.7}
----------------------------------------------------------------------------------------------------------------------------------------------------------------

The first measurements of acidic digestion were carried out with EMSURE® grade nitric acid. The data showed inconsistency for the trace elements of copper, zinc and lead in which the concentration did not change even the dilution rate decreased. Firstly, the batch was prepared for reading out of ^63^Cu, ^66^Zn, and ^208^Pb. Previous studies \[[@bib10],[@bib11]\] showed that because of the biological matrix effect, spectroscopic interferences in ICP-MS can arise from the interaction of the sample matrix components and the plasma gas. Moreover, most biological fluids, which contain large amounts of organic compounds and inorganic salts (Ca, Na, K), can lead to spectral and non-spectral interferences. Collision/reaction cell technology can reduce the polyatomic interferences, especially in monitoring of trace elements in biological samples \[[@bib12]\]. Hsiung and his colleagues determined that spectral interferences can be eliminated by a simple approach of selecting isotope with minimal interferences, in this case, ^65^Cu instead of ^63^Cu and ^68^Zn instead of ^66^Zn \[[@bib10]\]. Therefore, the batch was re-run by adding ^63^Cu, ^65^Cu, ^64^Zn, ^66^Zn, ^68^Zn, and in addition ^206^Pb, ^207^Pb, ^208^Pb isotopes because lead concentration also showed an inconsistency during the acidic digestion with EMSURE® nitric acid. Any recovery in observed (supplementary data2).

2.8. Alkali dilution of the serum and the tissue samples {#sec2.8}
--------------------------------------------------------

For the alkali dilution method, serum and tissue samples were diluted 1:25 with an alkali solution consisting of 2% (w/v) 1-butanol, 0.05% (w/v) EDTA, 0.05% (w/v) triton X-100, 1% (w/v) NH~4~OH as described by Lu et al. \[[@bib13]\]. The mixture was sonicated and homogenized with IKA ULTRA-TURRAX for 5 min and centrifuged at 1000 rpm for 2 min before ICP-MS analysis. Samples were diluted with the same ratio as the acidic digested samples from 1/10 to 1/2000.

2.9. Statistical analysis {#sec2.9}
-------------------------

Statistical analyses were performed using R statistical software version 3.5.1 (<https://www.r-project.org>). For each tissue versus each trace element and mineral correlation, we calculated the sample mean and the sample deviation over three replicates of the nitric acid (65% EMSURE® and SUPRAPUR® grades) digested samples at each dilution rate. We reported these data as mean ± standard error (SE) in the corresponding figures and tables.
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